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THE CODEX ATLANTICUS
I. INTRODUCTION
A. The Codex Atlanticus. According to C. Pedretti [1], we 
do not have really a codex, because a codex is "a book, the 
sheets of which are already sewn in signatures when its pages 
come to be filled with notes." What has been called the Codex 
Atlanticus is a collection of sheets which was put together by 
the sculptor of the King of Spain, Pompeo Leoni, at the end of 
the sixteenth century. On the cover, Leoni put an inscription in 
gold letters: "Disegni di machine et delle arti secreti et altre 
cose di Leonardo da Vinci raccolti da Pompeo Leoni." The present 
name comes from the Atlas format. Pedretti reports that Faldas- 
sare Oltrocchi, librarian of the Biblioteca Ambrosiana, called 
this volume "Codice delle sue carte in forma Atlantica," and also 
"Codice Atlantico." This name is universally accepted, although 
it is misleading, because what we have is a collection of papers 
which were mounted by Pompeo Leoni on the white sheets of a large 
book (65 cm x 44 cm).
According to A. Marinoni [2], Popmeo Leoni came in posses­
sion of most of the notebooks and papers left by Leonardo da 
Vinci to Francesco Melzi, his last disciple who accompanied him 
to France. Marinoni estimates that there were about fifty note­
books and nearly 2000 loose sheets. He does not believe (as 
Pedretti does) that Leoni destroyed or damaged notebooks to pre­
pare his album, and mentions a study by Andre Corbeau [3] in 
support of his opinion, based in the fact that there are no 
traces in the sheets to have been ever sewn into a notebook. 
Marinoni grants, however that Leoni used liberally the scissors
2and the knife in his separation of notes and drawings referring 
to artistic and anatomical subjects from those on technical mat­
ters. Leoni appears to have attempted to put in some logical 
order the sheets and their fragments, but succeeded only partial­
ly. An example of how Leoni messed up things is given by Mari­
noni in his discussion of folios 169, 173 and 177 [2]. Leoni did 
also some damage through his mounting of sheets on inappropriate 
windows cut in the blank pages of the original atlas. But we 
have to grant that Leoni helped in preserving hundred of sheets 
for posterity. It is believed that about half of the papers of 
Leonardo have been lost for lack of interest and care.
In addition to the references already given concerning the 
Codex Atlanticus and its history, there are others which may be 
of interest to those who want to know more about such a document 
(see Ref. 4 to 8). One interesting facet of that history is that 
the Codex Atlanticus was not always highly valued as it is nowa­
days, and it was by Pompeo Leoni. Marinoni [2] reports that a 
few years after the death of Leoni (1608) his son Giovan Battista 
offered the Codex to Cosimo II de’Medici together with fifteen 
smaller books by leonardo. An expert, Giovan Francesco Cantagal- 
lina, an engineer, was consulted and produced a negative report, 
saying that the codex was very trivial, not worth of being pos­
sessed by the grand duke. Some years later, the Codex was ac­
quired by the milanese count Galeazzo Arconati from Vittoria 
Leoni, daughter of Pompeo. It seems that Milano has honored 
always Leonardo more than Firenze did. Arconati, after a few 
years, made a donation to the Biblioteca Ambrosiana of eleven 
manuscripts of Leonardo, including the Codex Atlanticus. There 
the Codex remained until May 1796 when Napoleon decided to trans­
fer it to Paris together with a number of notebooks of 
Leonardo. the arrival of the treasure to its new home was an­
nounced in the Journal Officiel of 28 November 1796. It was also 
stated that the transfer was request by G.B. Venturi, a man from 
Modena (Italy), who was a professor in Paris, and wanted to study
3the manuscripts. Judging by what he published, Venturi did not 
do a good analysis of the documents. Perhaps other French 
scholars examined them more carefully for their own benefit; we 
really do not know. After the fall of Napoleon, the Austrian 
government requested from the French government, restitution of 
the pillaged books, but only the Codex Atlanticus was returned; 
it seems that in Paris they were not able to find the smaller 
books !
B. Publication of the Codex Atlanticus. The manuscripts in 
Paris were published by Ravaisson Mollien in between 1881 and 
1891, about four centuries after Leonardo wrote them. This seems 
to have stimulated the Italians to do something alike with the 
companion document, the Codex Atlanticus, and in between 1894 and 
1904, under the editorial effort of Giovanni Piumati, Hoepli of 
Milano [9], did the first publication of the Codex. The process 
for the second printing started in 1962, when the Codex was 
transferred from the Ambrosiana Library to the monastery of Grot­
taferrata to be restored with funds provided by the Italian gov­
ernment. The restoration was accomplished under the direction of 
Father Giosafat Kurilo, without any participation of Leonardian 
scholars [2]. According to Marinoni, the old volume, or album, 
is now at the Ambrosiana: "come spoglia di una larva mutata in un 
essere piu splendido" [2]. Pedretti is much more critical of the 
work done in this restoration, which was completed in 1970. It 
is surely a duty of the author to inform on these aspects as well 
as about others of scientific interest, because there is always a 
great danger of wrongdoing when— perhaps with the best inten­
tions— somebody undertakes to introduce changes in the documents 
from the past. Pedretti [1] summarizes his opinion in the fol­
lowing sentence: "It is in fact much to be regretted that the 
'restoration' has often resulted in serious damage to the origi­
nals." In his Catalogue of the newly restored sheets, Pedretti 
points out for each folio the damage done, and the errors in 
mounting the sheets. For those who think that all is glamorous
4in the work concerning Leonardo's documents, the author quotes 
Prof. Pedretti's final words of frustration in the Foreword of 
his Catalogue: "... a project of reconstructing the sheets in the 
Codex Atlanticus could only be carried out with the originals, 
which are now sealed away forever, as relics with no more 
miracles to perform."
The restored Codex Atlanticus has been published by Giunti- 
Barbera of Firenze (1975-80). The editor was Prof. Augusto Mari­
noni of Milano. It consists of twelve large volumes with plates, 
and twelve smaller volumes with the transcriptions (diplomatic 
and critical) by Marinoni [10]. There are 1119 folios, of which 
998 contain only one of the original sheets; in facsimile, of 
course. The remaining folios contain from two up to thirteen 
sheets. The numbering of the folios in the two versions of the 
Codex Atlanticus is quite different. Marinoni has included in 
each volume the correspondence between old and new numbers. Such 
a correspondence was also published in the new version of the 
book by F. Calvi [11] on the manuscripts of Leonardo da Vinci, 
edited by Marinoni in 1982.
C. Leonardian Fluid Mechanics. The importance of the 
studies of the behavior of fluids at rest and in motion, 
scattered all over the papers of Leonardo da Vinci, was given 
early recognition, but no complete study of the subject was 
undertaken until very recent times. Most of the notes of 
Leonardo about fluids refer to air and water, but he considered 
also oil, wine, blood, mud, sap, and even granular materials like 
sand and seeds in his studies of flow phenomena. In the 
exploration of Leonardian notes on flow, the author found himself 
constantly widening the scope of his survey until no text or 
drawing of even slight indirect interest would be left out. 
There is an analogy between the wide interest of Leonardo and the 
ever expanding interest shown by the fluid-mechanicists of this 
century, from Ludwig Prandtl to the many students of this science 
in our days. To Leonardo, if not everything, almost everthing
5was flowing or could be in one state of flow or another. A view 
of Leonardian fluid mechanics can be found in a paper by Macagno, 
published in 1982 [12]. It is important to have some general 
idea of Leonardo's studies to understand properly each note and 
each drawing taken in isolation. The process was difficult for 
the author, because at the beginning he had no way of 
establishing accurately such view using the few papers 
available. It was only after going over the great barriers in 
the direct reading of the notebooks that he began to see what was 
the fluid-mechanical content of the notebooks and codices of 
Leonardo. After years of studying the notes and drawings of 
Leonardo on flow phenomena, the most basic task, that of 
extracting all the material on the subject became really 
possible. This is due to the lack of systematic treatment of any 
topic in most of the folios in any of the extant Leonardian 
documents.
The vastness of Leonardo's coverage of topics in the area of 
fluids behavior and flow phenomena is surely unmatched, and one 
can see that it resulted in lack of depth in many cases. How­
ever, with so little background as he had, he was able, for in­
stance, to realize the importance of conservation postulates. He 
can be credited with the first statements about conservation of 
volume, both in Eulerian and Lagrangian forms. Less clear is 
that he understood conservation of mass. Some believe that 
Leonardo had a hint of conservation of momentum and energy, but 
the author would like to leave this question to further 
research. Leonardian fluid mechanics is mostly of a qualitative 
nature and usually empirical, in spite of his statements about 
the importance of mathematical approach to all questions of 
mechanics. Although the investigation of Leonardian fluid mech­
anics by the author is far from completed, enough has been ex­
amined to see quite clearly the methodology that was invisible at 
the beginning. A preliminary paper on Leonardo's methodology in 
the study of flow phenomena has been published recently by the
6author [13], and is believed to be very useful to any person 
interested in acquiring a view of Leonardian fluid mechanics.
D. Identification of Notes on Fluid Flow. Reading every 
word and examining every drawing of the Codex has been the basic 
technique used. One cannot do otherwise, because the risk of 
missing something important is there all the time. The content 
of each folio is totally unpredictable and part of the work does 
not yeild anything. The reward for being totally careful is 
great. Leonardo cannot be studied using the so common ideal of 
our times: that one can earn partial credit. Any work is either 
good or bad. Those who do not read Leonardo's original writings, 
or examine them superficially, are surely doomed to do a very 
poor work. Marinoni has emphasized many times the need to read 
the original. The same advice was given by the late Nando de 
Toni, a life-time student of Leonardo's notebooks. However, with 
all the respect the author has for these two great Italian 
Leonardists, he is always careful to check their transcriptions 
against the facsimiles of Leonardo's notes when making notes of 
passages of interest. The author has endeavored not to make 
still more true Marinoni's comment on students of Leonardo: 
"Leonardo e uno degli autori piu celebrati ma purtroppo meno 
letti." In a free translation: "Many talk about Leonardo, few 
read him" [2]. Marinoni's criticism reaches many whose studies 
and writings on the works and thinking of Leonardo are based on 
anthologies, disregarding the thousands of original pages 
Leonardo left as a heritage.
Each time a passage was found which dealt with fluids be­
havior, or flow phenomena, or topics related with fluid 
meachnics, notes were taken, and then a number of words— the 
keywords— were selected, first tentatively, and, in a second 
sweep, definitively. At the beginning of the survey, the same 
set of keywords that were useful in representing the content of 
the Madrid Codices was used, but gradually more and more words 
became necessary. The procedure went through a phase of trial
7and error, of attempts, and "pentimenti." What Leonardo did in 
his artistic drawings was done with each of these sketches, with 
words, for each of his folios. There was no attempt to draw a 
perfect sketch each time one was needed. Leonardo himself 
explained how one must work to attain something, just like a 
writer who tries a first draft, and then a second, and maybe, 
even a third one before being satisfied. Thus for each folio a 
set of terms was determined and then entered in the table. 
Almost sixty words became necessary to represent the fluid- 
mechanical content of the Codex Atlanticus. This tabulation is 
not the end of this representation. As different topics are 
considered, multiple channel tables can be formed as the one 
already completed for the analogies in the Codex and included in 
a paper under publication [14].
E. The Keywords. The 54 keywords included in the general 
tabulation of the fluid mechanical content of the Codex Atlant­
icus given at the end of this volume are going to be totally 
meaningful, perhaps, only to those who have at least a basic 
knowledge of mechanics and mechanics of fluids. If a similar 
tabulation were prepared for the anatomical notes of Leonardo, we 
would surely think that it would only be completely open to 
medical doctors and students of human biology. The author has 
tried, however to present the meaning of the words used in a way 
that any reader with good university studies can use the table 
without feeling that it is beyond his reach. This is extremely 
important because the final goal is to help to integrate our 
understanding of Leonardo; a task that probably cannot be 
accomplished by a single scholar. Not at least, until the 
content of Leonardo's notebooks is fully studied and properly 
sinthetized in its different areas of knowledge.
The keywords are not only described in terms of a few more 
words, like one does in a dictionary. Comments, that are consi­
dered useful for a full understanding, are also included. The 
author has prepared for himself cards which are reproduced in the
8following pages in an effort to make the tabulation more useful 
to every person interested in the fluid-mechanical contributions 
of Leonardo. The author has grouped words according to his own 
needs, but this is not reflected (not completely, at least) in 
the table, because each reader should do it for himself according 
to his own interests and goals. A few general comments seem 
warranted in addition to the particular ones included in each 
card.
Some of the keywords are in the original language of 
Leonardo. The author, in his study, has used most of them in 
that language because he feels hindered by using another language 
in his study of Leonardo. A few words have not been translated 
because it appeared necessary to convey the notions that Leonardo 
used regularly for the elements forming our world. Thus the 
table contains "FOCO", "ARIA", "ACQUA", "TERRA". In addition to 
these four words, we have "TURB" which stands for "turbolenza" a 
term used, in general, with a different meaning than that of 
"turbulence" for us. The word is abbreviated not only for the 
obvious reason of not having too long words in the table, but to 
make it purposedly ambiguous, and make it mean also turbulence, 
turbulent flow, etc. The reasons to use "POTENTIA" and "IMPETO" 
are given in the corresponding cards.
The symbols are used in the table to indicate an entry for a 
given folio of the Codex: o and o . The second must be under­
stood as an entry for which there are some doubts. It may be a 
text or drawing that has been judged by somebody else as related 
to fluid mechanics, without the author being persuaded that there 
is such a relationship. Or it can be a drawing too vague to 
decide easily what it really represents. By no means it 
indicates an opinion about the correctness or incorrectness of a 
statement by Leonardo. In addition to the two symbols generally 
used in the table, there are letters used in the column FLU 
PROP. This was done to reduce the number of columns.
9The tabulation offered in this volume is not the final one 
for the Codex Atlanticus. The author has already gone farther 
and adopted a multichannel tabulation when a particular topic is 
studied in detail. This can be seen in the paper soon to appear 
in the volume in honor of the late Nado de Toni [14]. The sub­
ject of that paper is the use of analogical thinking by Leonardo, 
in his studies of flow phenomena. The multichannel tabulation is 
accomplished by using different symbols within each folio to 
attain a much more detailed description of its content. Such a 
multichannel tabulation would have required too much time and 
effort in a first general survey. Thus, it has been reserved for 
specialized studies like the one on analogies.
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II. KEYWORDS
STATICS "FOCO"
Uniform and non-uniform fluids, and fluid-like 
substances, at rest* Equilibrium considerations. 
Forces and pressures exerted by fluids at rest or 
quasi-rest. Submerged and floating bodies at 
rest. Statics of solids when related to statics of 
fluids, or useful to understand Leonardo’s approach 
to the statics of fluids.
The quotation marks indicate that one of 
Leonardo’s own words is used. FOCO stands not only 
for fire, but for very hot gases, or the products 
of combustion. Also for flames, sources of heat.
In the ideal material world at rest is one of the 
spherical layers, the top-most being the 
"quintessence," very rarely mentioned by Leonardo.
FLOW "ARIA"
Any current or stream, or flux, of any fluid 
or fluid-like substance. Note that there are very 
few motions which do not include deformation. In 
general, any portion of matter undergoing deforma­
tion, is in a state of flow. (Example: ice in 
glaciers). But also bodies of granular material 
(sand, powders, seeds, etc.), although each grain 
may remain rigid, experience flow. The same is 
true of other aggregates, like clouds, or piles of 
different kinds of objects. Even one-dimensional 
objects like a string or a chain, an arm, a hand, 
have flowlike motions.
By ARIA it is meant any gas or vapor, and of 
course the mixture of gases we call air. In an 
universe at rest, ARIA would be the spherical layer 
below FOCO and above ACQUA.
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"ACQUA” FLU PROP
Keyword used for water and any other liquid, 
like wine, oil, turpentine, mercury. Also used for 
blood, sap, and other biological liquids. ACQUA in 
this tabulation means "liquid," although in most 
cases it actually refers to water. In many cases, 
other keyword in the same line will give strong 
indication that the alluded note is about water.
Fluid properties. Most of the properties of 
the fluids considered by Leonardo lacked a 
quantification, and there were no proper units for 
them. Inclusion in this survey was, nonetheless, 
considered warranted even when they were very 
little understood by Leonardo. Symbols used are: 
g, for weight or specific weight; d, for density; 
v, for viscosity; s, for surface tneions; e, for 
elasticity; va, for vaporization; r, for refection 
and/or refraction.
‘’TERRA"
STRATIF
For this survey, "TERRA" = solid, including 
also the common meanings in the dictionary. Note 
that solid does not mean absolute rigidity. It may 
help to think of the sequence: diamond, lead, ice, 
wax, butter. Consider also the different 
possibilitites of soil or ground. A river bed in 
the mountains, made of rocks, gravel, sand, etc. 
may seem rigid when dry but under a big flood it 
enters into a state of flux. The association of 
keywords like TERRA and FLOW is then a possibility 
in this tabulation.
Stratification of density, or other 
property. Usually this is for fluids at rest, like 
the spheres of earth, water, air and fire of the 
Aristotelian physics. However, stratification can 
coexist with flow of all kinds, although not 
unchanged, usually.
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WAKES VORT
Flow behind obstacles, different bodies, 
partially or totally submerged in the fluid. There 
are wakes behind bodies moving through a fluid or 
at the interface between two fluids: projectiles, 
birds, boats, etc. Associated with wakes we can 
see counterflow, vortices, waves, turbulence.
All kinds of vortical motions. Single 
eddies. Systems of eddies. All kinds of velocity 
distributions are taken into account. If the 
system of vortices is complicated, chaotic, the 
term "TURB" will also be entered.
WAVES "TURB"
Leonardo understood the important role of 
waves in fluid mechanics to the point of 
exagerating its influence. He perceived the wave 
motion at all interfaces (earth-water, air-water, 
air-earth, air-fire, etc.). Also accoustical and 
light waves.
This keyword can be understood as an 
abbreviation of "turbolenza." There are two 
meanings for this word: common and uncommon. 
Leonardo used both of them, but predominantly, he 
meant turbidity. "TURB" will also be used for 
turbulence, even if it appears that Leonardo was 
not looking at a turbulent flow in the way we do.
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MIX DEPOSIT
Mixing of any two, or more, substances in 
fluid or in solid state (e.g., water and sand). 
Solutions. Suspensions. Mixing produced by a 
flow, through vortical motion, turbulence, or 
convoluted motion. Mixtures already in existence, 
or being prepared, are also indicated by this 
keyword.
Any material transported by a fluid may be 
deposited in some place by mechanical or physico­
chemical processes. Usually, mechanical deposition 
will be the case.
TRANSPORT EROSION
Some material is carried by a flowing fluid. 
The material may be floating, or in suspension, or 
dispersed, or diluted, or dragged (as stones by a 
flood). Air currents transport dust, leaves, 
snowflakes, etc. Fluids can also transport heat 
(or cold according to Leonardo), and other 
properties.
The erosion of any solid by a fluid flowing 
above or around it, like the erosion of land by air 
or water currents, or by rain, or by water waves. 
Scouring processes in canals and rivers. Jets 
impinging on the ground.
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CONDUIT CANAL
Conduits, pipes, and ducts of all kinds.
Veins and arteries of the Earth and different 
living system. Flow through granular and porous 
material is rarely mentioned by Leonardo; the 
tortuous conduits in such media are included under 
this keyword. The "cerboctana" and other tubes.
The man-made ditch or channel used to carry 
water from one place to another, or to connect two 
water bodies. Irrigation canal. Navigation 
canal. Leonardo's term: "naviglio".
SIPHON ORIF
This terms indicates the up-side-down U-tube 
or J-tube used to transfer liquids from one 
container to another. The inverted siphon will be 
listed as a common conduit. Leonardo's term: 
"cicognola."
Orifices, nozzles, openings in the bottom or 
the walls of reservoirs. More than the device, 
what is meant is the type of flow. One word used 
by Leonardo is "spiraculo."
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WEIR FLUV PHEN
A hydraulic structure may be referred to, but 
this keyword is usually associated with the flow 
over and through a weir.
Rivers, creeks, torrents. All fluvial 
phenomena and processes. Meandering and 
braiding. Valley formation. Delta formation. In 
some cases, subterranean flow may be implied. 
Floods.
JET-PLUME SEA-LAKE
Jets, round or two-dimensional, straight or 
distorted. Nappes are also included. Water 
flowing through air, air flowing through air, and 
water through water, etc. Plumes, and what can be 
considered their mirror images.
Sea, oceans, reservoirs, lakes. All bodies of 
water basically at rest, at least in the mean.
Also the total mass of water of the Earth (or that 
believed to exist in the Moon by Leonardo).
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BO SUBM BO MO
Bodies in the midst of a fluid, either at rest 
or in motion. Also bodies which are at rest, with 
fluid flow around them. Flow patterns around such 
bodies. Forces and pressures exerted on the bodies 
by the fluid around them.
Mainly, an entry for projectiles, or bodies 
falling through the air. Also bodies falling, or 
raising (depending on differences in density), 
through a fluid. Resistance offered by the 
surrounding fluid. A word used by Leonardo for 
such bodies moving through space is "grave."
BO FLOAT WIND
Bodies floating at the free surface of the 
water, or at any other interface between two 
fluids. Flow patterns around such bodies if there 
is flow relative to them. Forces and pressure 
exerted on such bodies by the fluids in contact 
with them.
Winds, their classification. Air currents. 
Also artificially produced flows of gases and 
vapors.
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FLIGHT ACOUS
The fluid-mechanical and flow-phenomena 
aspects of the flight of birds and machines. Flow 
patterns around flying objects. Forces on flying 
devices.
Sound, noise. Propagation of sound. Sound 
waves. Sound in different fluids. Analogy of sound 
waves with other waves, including optical waves.
COMPRESS THERM
A term for the compressibility of fluids, 
especially those under "ARIA" and "FOCO". Leonardo 
attributed great importance to this property (see 
"e" in FLU PROP). Effects on flow and resistance 
of the compressibility of fluids.
Notions of heat and cold. All kinds of 
thermal phenomena, especially those related to flow 
phenomena or inducing them. Flames. Explosions. 
Effect of "foco" on other elements.
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METEO EXPER
Meteorological flows and related phenomena. 
Storms, currents, winds. Rain. Mist. Fog. Clouds. 
Snow. Interfacial phenomena in atmospheric 
layers. Waves and vortices at the interface 
between air and water or in the midst of 
atmospheric air.
Experiment, experience, experimentation. 
Proposed experiments. Performed experiments. 
Opinions about the experimental method. Reported 
results of observations in nature and in man-made 
systems.
GROPH F M VISUAL
Geophysical fluid mechanics. Usually, flow 
phenomena at the scale of the Earth, but it could 
be the Moon or some other planet. Tides. Great 
currents. Hydrological cycle and phenomena. 
Relative elevation of sea and mountains. 
Groundwater. Hydrological cycle.
Visual observations. Vizualizations of flow 
phenomena. Techniques of flow visualizations. 
Symbols used to represent different elements of 
flow patterns in drawings.
22
INSTR FL MACH
Implements, tools. Instruments for 
measurements, and also for qualitative indications.
Fluid flow machines using air, water or other 
fluids. Note that hydraulic wheels have a keyword 
of their own. The general idea is to enter any 
machine which uses the flow of a fluid to work.
HYD ENG HYD WH
Hydraulic and hydrologic engineering related 
with fluid flow applications. Dams, harbors, 
irrigation systems, navigation systems.
Pipelines. Gates. Valves.
All kinds of hydraulic wheels in which the 
weight of the liquid provides at least part of the 
driving force. A wheel driven exclusively by the 
force of a jet would be incuded in FL MACH.
23
WATER L DEVICE
All kinds of water lifting machines. 
Archimedean screws. Pumps. Also machines and 
devices for the production of jets, like bellows 
and different kinds of fountains.
All kinds of devices of other categories than 
hydraulic and flow machines. Any device related to 
fluid mechanics, even if no fluids are used in it, 
is included in this survey.
BOAT-SHIP ANALOGY
Boats. Ships. Sails. Propulsion devices. 
Oars. Rudder. Flow around ships or their parts. 
Forces due to air and water.
Analogies in which at least one of the 
objects, terms, or phenomena involved is fluid- 
mechanical. This comprises analogies implied by 
adjacent drawings, even if no text accompanies 
them. (There is a special survey of analogies in 
the Codex Atlanticus by the author).
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SIMIL CONCEP
Similarity and similitude in a straict sense, 
like that of similarity of figures in Euclidean 
geometry. Physical models of flow phenomena.
Concepts. Conceptions. Basic notions, ideas, 
postulates concerning mechanics in general, and 
mechanics of fluids in particular. The study of 
Leonardian fluid mechanics is impossible without an 
analysis of Leonardo’s ideas about force, gravity, 
motion, etc.
KINEM
CONSERV
Kinematics of fluids and deformable bodies, 
like strings, beams, bodies under impact. Also 
kinematics of granular materials. Relative motion.
Conservation statements, or hints of such 
statements. In modern terms, such statements by 
Leonardo may be in Lagrangian or in Eulerian 
forms. Or even in some mixed forms.
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"POTENTIA" RESISTANCE
Word used by Leonardo with several meanings. 
At the present time, considered of risky 
translation in a number of cases.
Leonardo's word, "resistentia" may mean two or 
three different things, but it is easier to 
interpret than the two preceding keywords.
Friction. Resistance to the flow of fluids. 
Resistance opposed by fluids to the motion of a 
body in their midst. It should be remembered that 
resistance offered by a fluid may be due to what we 
call Newtonian and non-Newtonian stresses.
"IMPETO" IMPACT
A less imprecisely used word than "potentia," 
but also full of difficulties. It seems better to 
use Leonardo's word until all the documentation is 
examined and carefully studied.
Leonardo used words like "colpo” and 
"percussione," and drew analogies between impact in 
fluid mechanics and in solid mechanics. Examples 
of phenomena included under this keyword are: a 
solid sphere hitting the water surface. Also a 
drop falling on the ground or on a liquid 
surface. A jet impinging another jet, or a nappe.
26
PERP MO LIV SYST
Perpetual motion. It seems clear that at a 
certain point Leonardo rejected the possiblity of 
constructing a perpetual motion machine, but 
drawings of such machines appear at later times. 
Leonardo inscribed the word "sofistico'' beside some 
of such drawings.
Living systems of all kinds (plants, animals, 
humans) associated with a fluid—mechanical, or even 
a related, them. Fluid-mechanical analogies 
involving living systems.
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III. SURVEY OF EXPERIMENTS
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The work done in identifying all planned and performed 
experiments as well as observations of experimental situa­
tions recorded by Leonardo in his manuscripts is shown in 
a compact form in the following pages. They contain selected 
examples with sketches based on Leonardo's drawings. When­
ever possible, the brief description was based on notes by 
Leonardo, but in all cases they reflect my own interpreta­
tion using modern terms and notions. I am sanewhat concerned 
that all may look too simple as one looks at the following 
pages; nothing could be farthest from that either in the 
work of Leonardo concerning experiments or in my investiga­
tion of it.
It should be understood also that at the time of identi­
fying the different topics one must be all inclusive. One 
could easily miss very important points if at that moment, 
an excessively critical criterion were applied. Therefore,I 
have entered in my tabulation any passage, or drawing, deemed 
to be related in any way to an experimental situation. For 
instance, nothing was omitted that could be easily judged 
as being only a memo for doing some experimental work, or 
perhaps only a thought rather than an actually performed ex­
periment. The time for being critical and discriminating, 
or for omitting trivial notes, must come after one is aware 
of the total content on any given subject.
Another remark is warranted: some notes are not by the 
hand of Leonardo, but even in such a case I would include 
a reference to an experiment. I know that in some cases, it 
has been established, or conjectured, that Leonardo dictat­
ed some lines here and there to a pupil. Perhaps, the same 
could be true of some sketches.
III. SURVEY OF EXPERIMENTS IN THE CODEX ATLANTICUS
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SELECTED EXPERIMENTS IN THE CODEX ATLANTICUS
VERTICAL JETS
The system weight-vertical.bellows 
is used to generate different 
pressure in a fluid and.therefore, 
jets of different reach.
CA 839 R
REGIMES OF FLOW 
Flow of a liquid over an edge 
depends on gravity and on molecu­
lar forces. (Of course, this is 
our interpretation!)
CA 339 R
TRANSIENT IMPACT OF A JET 
A vertical tube empties its content 
on an horizontal floor.
CA 303 R
FLOW AROUND A BODY
Description of flow around a wedge 
including separation of the flow.
CA 494 V
FLOW AROUND A CYLINDER 
Depiction of waves and flow around 
a vertical cylinder implanted in 
a canal or river.
CA 215 R
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SELECTED EXAMPLES OF EXPERIMENTS IN THE CODEX ATLANTICUS
DROPS STATICS AND DYNAMICS 
Studies of shapes of drops at 
rest.
Drops coalescence as they become 
in contact with each other.
CA 205 R
DROP FORMATION IN FALLING LIQUIDS 
Experiments with what must have 
been a rather sticky liquid, per­
haps varnish or paint.
CA 190 R 
CA 894 R
IMPINGING JETS
A recurrent subject in Leonardo's 
notebooks and codices is that of 
impinging jets, and jets imping­
ing on nappes.
CA 764 R 
CA 1098 R
SUBMERGED JETS
Jet flow of a fluid surrounded 
by the same fluid. In one case 
incipient in the other esta­
blished .
CA 457 R
FORCE EXERTED BY A FLOW 
A balance designed to measure 
the force applied by a water 
stream on a plate.
CA 196 R 
CA 415 R 
CA 888 R
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SELECTED EXAMPLES OF EXPERIMENTS IN THE CODEX ATLANTICUS
FLUID PROPERTY
A glass is filled with water up 
to the rim, then a number of coins, 
can be dropped in without over­
flow. (Surface tension!)
CA 42 R 
CA 958 R
COMMUNICATING VESSELS 
Two vessels of different diameter 
are connected. The water level 
is the same in spite of the dif- 
rence in weight!
CA 549 R
SYSTEM IN EQUILIBRIUM 
A vertical bellows is loaded with 
differently shaped weights. A 
standing tube indicates the 
pressure which is the same re­
gardless of the shape of the body.
CA 549 R 
CA 1023 R
ANALOGY OF BALANCES 
Balance in air and its mirror 
image submerged in water behave 
with analogous response.
CA 515 V
EFFECT OF AIR PRESSURE 
An open tube and a closed tube 
are dipped into water in a vessel 
to demonstrate the effect of 
different pressures.
CA 549 R
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SELECTED EXAMPLES OF EXPERIMENTS IN THE CODEX ATLANTICUS
FLOW OF GRANULAR MATERIAL 
Experiment to compare water flow 
and flow of granular material
CA 303 V 
CA 349 R 
CA 465 R
FALLING BODIES
Fall of different bodies through 
the air, including the case of 
a falling card.
CA 185 V 
CA 691
FLOW AROUND FLAMES
Free flames and flames contained
in a cylinder.
CA 726 R 
CA 728 R-V
TRANSPORT OF GRANULAR MATERIAL 
Non-uniform granular material 
which forms the bed of a stream 
is arranged in special configu­
rations .
CA 211 V
WAVES REFLECTING A LIGHT 
The multiplicity of images of 
a source of light on water waves 
is studied in several manuscripts, 
usually as a problem for the artist
CA 646 R
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IV. GENERATION OF PROFILES
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IV. MULTICHANNEL TABULATION. GENERATION OF PROFILES.
CH 15 R 75-44
DROP
Una piccola quantita
ACQUA — » d ’acqua stremata o
SEA *-- > aggiunta al mare] fa ,STATICS
mutazion a tutta la
sua superfitie.
CONSERV
PROFILE
ACQUA
STATICS
DROPS
SEA
CONSERV
CH 12 R 60-28
Come si debbe [far mu-
tar sito al fiume! nella 
HYD ENG sua vaH e di non troppa
grandezza. In questo caso 
sia serrato la bocca del­
la valle] e lasciato rin- 
gorgiare il fiume per u-
na o 2 invernate, e laDEPOS valle se riempirai di te-TERRA —¡Afc  -PARTIC—_^  rra7| E poi darai j u s c i t a WEIR
all'acqua dove tu voi -*■— ACQUA
PLOY che 11 (~~fiume si dirizzi,
e quivi poi seguirà il
moto del fiume.f-------- 1
CURRENT
PROFILE
ACQUA
TERRA
PARTIC
FLOW
DEPOS
WEIR
FLUV
HYD ENG
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CH 12 V 62-33
Quanto debbe resurgiere
ARIA _► infra 1 » aria l'ac-
ACQUA— > --- . qua] che di condotto al-
------__________ ‘ T
to discende. +CONDUIT 
FLOW
PROFILE
ARIA
ACQUA
PRESSURE
FLOW
+CONDUIT
+JET
The symbol + is used to indicate sketch or drawing. The text 
was cast in modern Italian by the transcriber. The drawing was 
improved somewhat by the author of this profile, to reflect his 
personal reading of it.
CH Ì5 R 75-43
+ EXPER 
THERM
VAPOR4
Un ' oncia ¡vaporata^ m ' 
empie un otro e pri­
ma si toccava li 
dentri della pelle 
in ogni lato.
PROFILE
FOCO
ACQUA
VAPOR
THERM
+EXPER
MEASURE
CH 6 R 28-35
+EXPER
STATICS
Che l'un de sua lati sia
una carta pecora lente, e
sia sostenuta da righe,
come mostra il disegno.
A le quali righe sia dato 
tanto peso per opposito...
PROFILE
ACQUA
WEIGHT
STATICS
PRESSURE
+EXPER
MEASURE
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CH 4V D 3 & D 4
PROFILE
ACQUA
TERRA
WAVE
BODY MOV 
EXPER 
IMPACT 
MECH
CH 23 V D 2 & 8 R D 2
PROFILE
ACQUA
WEIGHT
FORCE
JET
BO MOV 
+EXPER 
INSTR 
ANIMAL 
ANALOGY
In the two cases above, the analogy was inferred from the proxi­
mity of the drawings and some comments by Leonardo, but the 
reading of the pictographic message is what provided the pro­
files.
CH 14 V D 4
PROFILE
ACQUA 
FLOW 
+VORT 
BO SUBM
Profile for drawing without any comment.
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TABULATION OF NOTES ON FLUIDS AND FLOW 
IN THE CODEX ATLANTICUS
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